Interspecific crosses within the genera Ligustrum and Hydrangea were made to introduce new genetic variation. Ploidy determinations and pollen tube staining revealed no prezygotic barriers within the gene pool used. Green and vigorous Hydrangea seedlings could only be obtained from crosses in which H. paniculata was used as seed parent. The reciprocal crosses did not yield germinating ovules. H. paniculata × H. quercifolia seedlings showed an introgression of paternal AFLPmarkers. In Ligustrum, abortion rates were very high except for crosses within the evergreen section. Germination of ovules was only achieved after fruits had developed on the seed parent for 11 weeks. Introgression rates of paternal DNAsequences are divergent; only crosses between L. japonicum and L. lucidum were found to be true hybrids.
INTRODUCTION
Interspecific hybridisation is recognized as one of the most important sources of evolution and domestication of flowering plants. Van Tuyl and De Jeu (1997) considered interspecific hybridisation to be the most important source of genetic variation in ornamental crops. The difficulty of creating interspecific hybrids increases along with the phylogenetic distance between the parents (Sharma, 1995) . Different barriers have been met from the first attempts (Stebbins, 1958) . Crossing incompatibility between plants may be controlled by either of 2 major mechanisms, incompatibility, or incongruity (Hogenboom, 1973; 1975; Newbegin et al., 1993; Franklin-Tong and Franklin, 2000; Wheeler et al., 2001) . Incongruity is typically seen in crosses where separate evolution of the partners (being different species) has led to a breakdown in control of pollen tube behaviour in the pistil (Hogenboom, 1975) . The development of the hybrid genome may also be hampered or even arrested by multiple barriers in a later stage. In vitro methods allow to develop an integrated procedure for overcoming these fertilization barriers, since environmental conditions can be controlled and optimised (Van Tuyl and De Jeu, 1997; De Jeu, 2000; Van Creij et al., 2000) .
In Hydrangea, incongruity prevents interspecific crosses within the genus. Reed (2000a) tried to cross H. paniculata and H. macrophylla. Seeds were only obtained when H. macrophylla was used as the seed parent, but most of the seeds didn't germinate. The few obtained seedlings died during the cotyledonary stage or after the development of the first true leaves. However, by using 'embryo rescue', a few hybrids could be produced between H. macrophylla and H. arborescens (Kudo and Niimi, 1999) and between H. macrophylla and H. paniculata (Reed, 2000b) . No information on crossing barriers between Ligustrum species was found.
The objective of this study was to evaluate the possibilities of interspecific hybridisation within the genera Hydrangea and Ligustrum and to develop an ovule culture procedure for supporting the growth of immature Hydrangea and Ligustrum ovules ('embryo rescue'). Our final breeding goals are the introgression of new leaf forms, autumn discoloration, and flower colours in H. paniculata, and to combine the evergreen 56 characteristics with good winter hardiness and berry production in Ligustrum.
MATERIALS AND METHODS

Plant Material
Following 
Ploidy Determinations
Ploidy levels were determined by flow cytometry using a Partec PAS III as described by De Schepper et al. (2001) .
Prezygotic Incongruity
The pollen and pollen tubes (3 samples per cross) were stained with aniline blue 72 hrs after pollination. Characterization of pre-fertilization barriers was performed as described by Cuevas et al. (1994) .
Interspecific Crosses and Embryo Rescue
Interspecific crosses were made in insect free plastic greenhouses. An overview of the different crosses is given in Table 1 and Table 2 .
For Hydrangea, first the sterile and the already opened fertile flowers were removed from the inflorescences that were used for pollination. Subsequently, before anthesis, the anthers were removed to prevent self-pollination. Finally, a single pollination of each flower was made 1 to 3 days after emasculation with newly dehisced pollen. Eleven weeks after pollination, fruits were collected, disinfected in 10% NaOCl during 15 minutes and rinsed 3 times in sterile distilled water. Ovaries were then sliced open longitudinally under a binocular in a laminar flow hood. Ovules were dissected from the ovary and placed into Petri dishes on a Gamborg B5 medium containing minerals and vitamins (Gamborg, 1968) , 2% sucrose, 0.1% PPM (Plant Cell Technology) and 0.7% agar MC29 (pH 5.8).
Ligustrum flowers were emasculated before pollination with pollen of dehiscing anthers of selected male plants. Fruits were collected 5 or 11 weeks after pollination and surface disinfected (same protocol as for Hydrangea ovules). When collected after 5 weeks, ovules were removed from the ovaries and transferred to a MS medium including minerals and vitamins (Murashige and Skoog, 1962) , 3% sucrose, 0.1% PPM (Plant Cell Technology) and agar 0.7% MC29 (pH 5.8). At 11 weeks, fruits were already swollen so it was possible to immediately dissect the embryos out of the seeds.
Hydrangea and Ligustrum cultures were placed in a growth room at 23°C. During 2 weeks, they were kept in the dark to reduce the possibility of precocious germination. Afterwards, the cultures were grown under a 16 hours light, 8 hours dark (long day) photoperiod (40 µmol/m².s PAR, supplied by cool white fluorescent lamps, OSRAM L36W/31). Seedlings were transferred to Meli-jars (De Proft et al, 1985) (100 ml medium/jar) after the formation of the first true leaves. Finally, the surviving Ligustrum and Hydrangea plantlets (single shoots) were acclimatized for 12 weeks in a fog unit before transfer to the greenhouse.
Determination of the Parenthood by AFLP
The interspecific character of the generated seedlings was checked, by comparing AFLP-data of the parent plants and the alleged hybrids. DNA was isolated as described by Doyle and Doyle (1987) . AFLP (Amplified Fragment Length Polymorphism) was performed using the commercially available kit from Perkin-Elmer Biosystems for fluorescent fragment detection (Perkin-Elmer, 1995; Roldan-Ruiz et al., 1997) . GS-500-ROX labeled size standard (Perkin-Elmer) was loaded on each lane in order to facilitate the automatic analysis of the gel and the sizing of the fragments. During analysis with an ABI Prism 377 DNA-sequencer, the fluorescent signal in each lane was recorded continuously. For each fluorescent dye electropherograms were extracted. Genescan 2,1 was used to estimate detection time, signal peak height and surface for each fragment. Sizing of the fragments was performed by the Genescan software module by interpolation to the internal lane standard according to the Local Southern algorithm. Only the fragments between 100 bp and 500 bp were considered.
Three AFLP primer combinations were tested for Hydrangea: E-ACT fam + M-CAT, E-AGG joe + M-CTT, E-ACG joe + M-CAA (randomly chosen). Also for Ligustrum, 3 primer combinations were tested: E-ACT fam + M-CAT, E-AGG joe + M-CTA, E-ACG joe + M-CAA (randomly chosen). The number of markers uniquely present in each of the crossing partners was checked for segregation in the offspring.
RESULTS AND DISCUSSION
Ploidy Level
Difference in ploidy levels between the 2 parents is one of the reasons of incongruity in interspecific crosses. An abnormal chromosome number can slow down the growth of the pollen tube or inhibit the fusion of both gametes. It is also pernicious for the development of endosperm, so the hybrid embryo won't have enough nourishment and fruits will abort spontaneously. For Ligustrum all the measured cultivars and varieties were diploid with 2n=2x=46. No differences between or within cultivars and varieties were observed. These results were in accordance with data published by Darlington and Wylie (1955) . Ploidy measurements on Hydrangea were difficult to perform, probably due to the viscosity of the nucleus suspension, which blocked the flow cytometer. However, all tested samples appeared diploid. Recently, the chromosome number of a series of Hydrangea species was determined (Cerbah et al., 2001 ). Most species were diploid, 2n=2x=36. These results suggest that in both species no incompatibilities due to differences in chromosome number are to be expected.
Prezygotic Incongruity
In Ligustrum no prezygotic incongruity problems for any of the tested crosses was observed. The pollen tube was always able to reach the ovule. These observations were a strong indication that a zygote would be formed. For Hydrangea however, it was not possible to visualize the pollen tube growth through the style of the stigma. Also in literature, no efficient protocol for aniline blue staining of Hydrangea pollen tubes is described.
Interspecific Crosses and Embryo Rescue
In Hydrangea fruit development was observed in most crosses. Only when H. serrata or H. aspera var. macrophylla were used as seed parent no fruit setting occurred (Table 1) . Compared to the reciprocal cross, the number of obtained fruits was always higher when H. paniculata was used as seed parent. Eleven weeks after pollination, the surviving Hydrangea ovules were excised from the ovaries and transferred to an in vitro medium. On average, 6 ovules per fruit were collected (Table 1 ). The ovules were very small and difficult to excise from the ovary. It was not possible to dissect any embryo directly out of the ovules. Reed (2000b) also indicated that it is better to let the fruits develop on the seed parent as long as possible. Two types of ovules could be determined. The H. paniculata ovules were larger and elliptical, while the H. macrophylla and H. quercifolia ovules were more circular and smaller. The ovules had an opaque milky white colour. Germination started at divergent moments, but was mostly observed after 10 weeks. Germination rate was generally low and even zero in case H. paniculata was used as pollinator (Table 1) . Finally, 17 candidate hybrid seedlings were obtained and transferred to the greenhouse.
Although in Ligustrum no prezygotic incongruity was observed, abortion rates were very high for most interspecific crosses (Table 2) . Five weeks after pollination half of the non-aborted fruits were collected. The ovules were already large enough to be excised from the ovaries. On average the ovaries contained 2 or 3 small ovules. However, none of them germinated (Table 2) . Eleven weeks after pollination the remaining fruits were collected. At that moment, the embryos were large enough to be directly transferred to the medium, so the in ovulo culture was omitted. Only 1 embryo per fruit developed (Table 2 ). These embryos germinated quickly after in vitro initiation, indicating that fruits have to develop on the seed parent until a certain stage, before embryo rescue in vitro is successful. Shortly after germination, roots developed in the medium and finally, 10 Ligustrum seedlings could be transferred to the greenhouse ( Table 2) .
Determination of the Parenthood by AFLP
Upon acclimatization, DNA-fragments of the 17 Hydrangea seedlings and their parents were analysed by AFLP. For the cross H. paniculata × H. quercifolia, the primer combination E-ACG / M-CAA was the best combination to distinguish the H. paniculata and H. quercifolia parents. The DNA-fragment patterns of the seedlings and the seed parents were very similar, but not all unique maternal fragments are passed to the offspring, which can be explained by either a higher homozygosity level (after self pollination) or an interspecific character. All seedlings descending from seed parent Hydrangea paniculata 'Praecox' result from self pollination, since obviously no or very few paternal DNA-fragments are inherited (Table 3 ). The occurrence of these few unique 'paternal' sequences is probably caused by accidental non-scoring of the corresponding maternal fragment (that did not reach the fluorescence detection limit). A higher, non negligible, number of paternal DNA-fragments was found in 1 Hydrangea paniculata 'Unique' H Hydrangea serrata, 1 Hydrangea paniculata 'Unique' H Hydrangea quercifolia 'Sikes Dwarf' and 1 Hydrangea paniculata 'Unique' × Hydrangea quercifolia 'Snow Flake' seedling. Mainly the latter could be the result of introgression of part of the 'Snow Flake' genome, e.g. after chromosome addition. Like all other seedlings, either of the 3 aforementioned plantlets is matromorph; however, both H. paniculata × H. quercifolia hybrids exhibit a reduced growth due to the formation of smaller internodes, which may result from their hybrid character.
Also for Ligustrum, DNA of 6 seedlings and their parents was analysed (Table 4 ). The remaining seedlings were not yet tested due to insufficient leaf formation. Between L. japonicum and L. lucidum, very few polymorphisms could be observed. Only the primer combination E-ACG / M-CAA yielded a few aberrant peaks between both species. However, since each parent donates about half of its unique markers to every seedling, a strong indication for the hybrid character of these 3 seedlings is provided (Table 4) . The close genetic relationship between both parents might also explain the relative high percentage of fruit setting and obtained plantlets compared to the other cross combinations. Out of the 3 tested plantlets that were derived from crosses between evergreen and deciduous privets, L. japonicum H L. obtusifolium var. regelianum yielded relatively most introgression of DNA-fragments of the pollinator. Again, we found indications for introgression of the paternal genome, although more reputed hybrids should be tested.
Neither the Ligustrum, neither the Hydrangea interspecific hybrids flowered yet. As a result, their fertility could not be determined.
CONCLUSIONS
This study provides strong indications for introgression of Hydrangea quercifolia in Hydrangea paniculata and of deciduous Ligustrum species in Ligustrum japonicum or Ligustrum lucidum after interspecific crosses followed by embryo rescue. The same protocol resulted in interspecific Ligustrum hybrids after crossing within the evergreen section. At this moment, unequivocal proof for their hybrid character and complete data on phenotypic consequences are still lacking. It is evident that the overall efficiency may be increased, by optimizing the initiation time of the embryos and the in vitro media used. Moreover, at least in Hydrangea introgression rates after a given interspecific pollinationtype seem to be genotype dependent.
